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ABSTRACT
This study was an exploratory investigation of a new 
perceptual illusion in which an error in judging equality 
occurs when a solid object of a specific basal measurement 
is to be placed over an empty space of the same dimensions. 
The former appears to be too large for the latter.
A series of two experiments were performed which were 
based on significant results obtained from a pioneering 
experiment performed by the author in the Spring of I966, 
in which larger basement forms were chosen as the correct 
fit for a scale model house in a greater percentage of times. 
The first experiment was a refinement of the former design, 
using steel cylinders to represent the house, and a recessed 
steel receptacle as the basement form. The variables of 
empty space and distance were controlled in order to detect 
their effect upon the judgement of equality. Experiment II 
was performed in order to explain the contradiction between 
the results of the pioneering and Experiment I. This was 
accomplished by a study of the effect of the overhang of the 
roof of the house, which appears to be an important factor 
in creating this illusion. Thus wooden caps were added to 
the design to create this effect.
The experimental subjects (S's) were young N.C.O.Militia 
trainees of the Royal Canadian Army Corps, Western Command
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Area. In Experiments I and II S was asked to compare the 
cylinder with the receptacle at its empty, half, full, and 
raised positions. The method of Constant Stimuli was 
employed.
The hypothesis tested is that the response "It fits 
exactly" will be given in a greater percentage of times to 
the smaller cylinders, especially the next smaller cylinder 
to the one that fits correctly.
The point of subjective equality (P.S.E.) was calcula­
ted for the summed correct responses for each group of ten 
S's, to indicate the effect of the distance of the cylinder 
from the receptacle and of the empty space factor upon the 
judgement of equality.
The results indicated that the hypothesis tested was 
not valid in Experiment I, but was valid in Experiment II.
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PEIEFACE
This study began as a result of my personal interest 
in the area of perceptual illusions and especially in 
trying to answer this question: Why does a building, when
it is moved from, or to be placed on its basement form, 
always appear to be too large for its foundation? There 
does not appear to be anything in the literature which 
deals directly with this phenomenon. Therefore this study 
is a pioneering attempt both to define and to indicate the 
existence of this particular illusion.
The author is indebted to Dr. A. Arthur Smith for his 
encouragement, advice, direction and apparatus design. He 
also wishes to express his grateful appreciation to Mr.
Henry Lotz, a tool and die maker, for his careful and 
detailed construction of the apparatus, and to Mrs, Alfred 
Marsden, the Secretary of St, Peter's Anglican Church, for 
her work in helping to design the scenic effects for the 
pioneering experiment and for typing the various drafts of 
this thesis. Finally, he expresses his gratitude to the 
Command Officers and Training Staff of the R.C.A. Camp at 
Niagara-on-the-Lake, Ontario, for their co-operation and 
assistance in the experiment, and especially to the subjects 
of the Study who gave so generously of their time,
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C H A P T E R  I 
INTRODUCTION
Investigations of perception account for a considerable 
portion of modern experimental psychology. This fact may be 
verified by even a casual perusal of psychological (journals 
carrying reports of research and those which present theo­
retical articles. Such a survey would attest also to the 
variety of perceptive phenomena being studied even within a 
single sense modality like vision. Early students of per­
ception showed that discrepancies might exist between our 
perception and the objective facts. Visual deviations from 
reality were particularly demonstratable in specially pre­
pared geometric figures. Distortions could be created in 
the apparent length of line segments, in straightness of a 
line, or in the parallel relation of two lines. The best 
known geometric illusion is the Muller-Lyer figure. There 
are many other illusions in visual perception which are con­
tinually being studied, such as size-movement illusions, 
size-weight, reversible figures, size-distance, and visual 
depth perception, to mention but a few.
This paper is an attempt to measure a new perceptual 
illusion which does not fit exactly into any of the various 
categories studied to date. It has some relationship with
- 1-
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2.
the geometric illusions and size constancy, but added is a 
factor of empty and filled space which in some way contri­
butes to this new perceptual illusion. In other words, this 
is a three-dimensional illusion, whereas the other perceptual 
illusions mentioned above are all two-dimensional in scope. 
This new illusion can be described as follows:
An error in judging equality occurs when a solid figure of 
a specific basal measurement is to be placed over an empty 
space of the same measurement. The former seems to be too 
large for the latter. This fact can be illustrated by the 
following common experiences. When a person looks at a 
building i^ch has been moved from its foundation and 
placed to one side of the lot, and then glances into the 
empty basement, he is suddenly impressed by the fact that 
the basement appears to be too small for the building that 
rested upon it. This was a ccmmion experience for many 
students and staff of the University of Windsor in the Fall 
of 1966 when the houses on Patricia Street were being moved 
to another location so that the new proposed University 
buildings could be constructed. A similar experience 
occurs whenever a person is trying to place a house on top 
of a basement which he has constructed for it. The illu­
sion of the basement being too small for the house will 
cause the person to re-check the measurements of the base­
ment before the house is placed upon it.
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A further indication of this phenomenon can be cited in 
the case of the person who looks into the empty basement of 
the new home he is having constructed. He immediately 
judges the basement to be too small for the house he has in 
mind, and will often argue with the contractor concerning the 
incorrect size of the basement.
An important factor associated with this phenomenon is 
the well-known illusion of an enclosed empty space appearing 
to be smaller than one which is filled, as in the case of 
the empty room appearing to be much smaller than when it is 
furnished. It is clear, then, that we are dealing with a 
three-dimensional illusion in which there are many more 
variables to be controlled and examined than there are in 
the two-dimensional illusions.
The aim of this present study is to present a more 
refined design and method of testing this illusion than was 
present in the pioneering experiment, to look at some of the 
alternatives available in measuring it, and finally to 
assess some of the important factors for future research in 
this area.
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C H A P T E R  II 
THE PIONEERING EXPERIMENT
In view of the fact that this study is based on a pio­
neering experiment conducted by the author in the Spring of 
1966, it is therefore necessary to describe in detail some 
of the important aspects of that particular study.
The apparatus consisted of a Scale Model solid wooden 
house of the type used in Lionel Model Railroading (.027 
gauge) with scale of ten feet to one inch. The colour of 
the house was bright green with a dark red roof. Five base­
ment forms were constructed out of cardboard of the type used 
in regular cardboard cartons, and mounted on a green card­
board base. The walls of the basement forms were covered 
y/ith a special grey block paper, to give the impression of 
a regular cement block structure. One basement form was made 
the exact fit for the scale model house, two were larger, and 
two were smaller, increasing or decreasing by an eighth of 
£m inch.
Two scenic backdrops a foot and a half square were 
placed behind the house and the basement form respectively. 
These were also used as screens while the display was being 
changed by E. A deck of cards with numbers one to five, five 
times, was used to obtain a random order of presentation.
-4-
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Work sheets were prepared in advance.
The model house was located cornerwise on the left end 
of a long table (6 ft. x 3 ft.) and the basement form was 
placed at the other end of the table, with a scenic backdrop 
behind each. See Fig.l. The house and basement form were 
four feet apart. E took his position behind the display,and 
S stood in front of the table in a mid-position between the 
two displays, and two feet from the table.
Fifteen subjects, all members of St. Peter's Anglican 
Church, Windsor, Ontario, were tested. There were eight 
adults (four male and four female ),idaose approximate age 
was thirty-five years. These were members of a Senior Bible 
class. There were seven teenagers (four male and three 
female ), ages seventeen to nineteen, who were members of St. 
Peter's Youth Group. 8 gave a simple response - "It fits 
exactly" to the basement form which he considered to be the 
one which precisely fitted the bottom edges of the house.
The hypothesis tested was as follows : If there were an
error in perception in which a person judged the exact base­
ment form to be smaller than the house to be placed upon it, 
then the probability of obtaining the necessary answer "It 
fits exactly" would be in favour of the larger basement 
models, particularly the next larger basement to the one that 
just fitted the building.
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The results of this experiment gave a clear indication 
that the larger basement form was judged to be the exact fit 
in a greater percentage of times, A Chi-square Test for sig- 
ni.ficance was applied to the results and they were found to 
be significant at the ,05 level for four degrees:df freedom.
Though the results of this pioneering experiment were 
both positive and encouraging, nevertheless it was obvious 
that it needed greater refinement and control of various 
variables. For example, there was no control for the 
variables of depth, distance, and colour. The size increase 
and decrease of the rectangular stimuli by an eighth of an 
inch was too great, so that the largest and smallest base­
ment forms were not relevant to the experimental design.
The available Lionel Model Railroading materials of the ,027 
gauge are not as precise or as realistic as the more refined 
and detailed Lionel H.,0. gauge. Finally, the sample itself 
was too small and too diversified as to age, I.Q., and 
judgemental ability.
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C H A P T E R  III 
APPARATUS FCR THE MAIN STUDY
The apparatus is shown in side view in Fig, 2.
A 30 X 20 X 2 inch grey wooden platform was made of 3A  inch 
plywood. At one end of the platform a black steel circular 
receptacle 2 inches in diameter and depth was recessed in the 
center and 1-1/2 inches from the end of the platform. This 
receptacle was recessed in such a way that the join between 
the very thin edge of the receptacle and the wooden platform 
could not be discerned. Three black steel cylinders 2 inches 
in diameter were made to fit exactly into the receptacle and 
were 1, 2, and h inches in height. A small hole was bored 
in the bottom of the receptacle in order to permit the cylin­
ders to enter, and a steel magnet was used for their removal.
At the other end of the platform there was a collapsible 
3A  inch plywood screen ih x 20 inches. Behind it was a 
small platform 6 x 20 inches upon which the seven cylinders 
were placed in an ordered position, and the collapsible part 
of the screen was used to cover the cylinders until the test 
started, at which time the screen was bolted in an upright 
Dosition.
- 8-
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There were seven black 2 inch steel cylinders calibred 
to 1/Ï000 of an inch. Number four cylinder, 2 inches in dia­
meter, fitted the receptacle exactly. The other cylinders 
were increased or decreased in diameter by 1A 6 of an inch.
A specially designed wooden box measuring 8 x 15 x ^-1/2 
inches was used in order to carry the steel cylinders to and 
from the place of testing so that the cylinders would not be 
marked or damaged in transit.
A line was drawn from the center of the receptacle 
along the middle of the platform to the base of the wooden 
screen, and the various distances of 24-, 18, 12, 6, and 0 
inches were marked by small performations to indicate place­
ment of cylinders for the various groups.
The apparatus was placed on a small table 30 inches 
high and located in the center of the room.
All experiments were performed in a room with normal 
lighting conditions and responses were recorded by the 
experimenter (E). See Appendix A.
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C H A P T E R  17 
EXPERIMENT I
Subjects: There were fifty subjects, all members of the
Royal Canadian Army Militia Corps of Central Western Command 
Area. These young men were between eighteen and nineteen 
years of age, and were selected from their various regiments 
and sent to Niagara-on-the-Lake, Ontario, in order to qualify 
as full corporals in the Militia Corps. They were all very 
alert and above average I.Q.
Method : S was seated in a chair at the end of the apparatus
containing the receptacle and seated in such a position that 
he could look into it with ease. He was instructed to look 
first at the receptacle, then at the cylinder, and report 
his judgement as to the exact fit. For instructions see 
Appendix B.
A method of Constant Stimuli was used in \riiich the seven 
cylinders were presented five times at a fixed distance from 
the receptacle giving 35 different comparison stimulus 
settings presented in random order. The randomizing was 
achieved by shuffling a deck of 35 cards and recording their 
order. This was done for each series of presentations prior 
to the experimental session. This series of 35 settings was
- 11-
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repeated fiaortimes for each S. The receptacle was changed 
for each of the series so that it was either empty, half, 
full, or raised, depending upon the randomized order of 
presentation for each S, The distance of the cylinder from 
the receptacle was changed to the next position after each 
ten S’s had completed the testing session. The first ten S’s 
started at 2k inches. The other distance points were 18, 12, 
6, and 0 inches respectively. S judgements were recorded by 
E. The complete test was split into four sessions of approxi­
mately ten to fifteen minutes with a break of fifteen minutes 
between each series.
The point of subjective equality (P.S.E.) was calculated 
for the summed correct responses of each of the five groups^ 
at each distance point for the group^ and at each position of 
the receptacle. The main effects were to detect trends in 
the errors in the judgement of equality, especially in the 
direction of the smaller cylinders, when their distance from 
the receptacle was changed^and the various positions of the 
receptacle were altered.
Results: The P.S.E. was calculated for the summed correct
responses of each of the five groups^ at each position of the 
receptacle^and at each distance point for the group, as shown 
in Table 1.
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TABLE 1
The P.S.E. of the Summed Correct Responses 
of each group, and the Mean, as a Function of 
the Distance of the Cylinder and the Position 
of Receptacle
Distance Empty Half Full Raised Mean
24-" 4-. 079 4.104 4.359 4.521 4.266
18" 4-.205 4.664 5.176 4.833 4.684
12" 5.003 4.931 5.008 4.920 4.966
6" 4-.094- 4.629 4.625 5.036 N-.596
0" 3.826 4.533 4.395 4.411 h .291
Mean 4.24-1 4.572 4.713 4.744
It is clear that the correct cylinder is chosen in a 
greater percentage of times as the exact fit instead of the 
proposed smaller cylinders, and this is true for nearly every 
distance point and position of receptacle with only two dis­
tinct variations. First, the P.S.E. at the mid-distance 
point appears to move toward the next larger cylinder to the 
one that just fits exactly, which is a contradiction of the 
hypothesis tested. The second variation occurs vrfien the 
distance is zero and the receptacle is empty. Here the P.S.E. 
has moved toward the choice of the next smaller cylinder to 
the one that just fits. These variations in the P.S.E. may 
be caused by a chance factor in the experimental design, and 
therefore may not be significant.
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Conclusion; It was concluded that there is no significant 
difference, when judging equality, between a solid object of 
a specific basal measurement which is to cover an empty space 
of the same dimensions. The differences which exist can be 
explained as the normal just noticeable difference (j.n.d.) 
found in the Method of Adjustment when using a Constant 
Stimulus.
There is a contradiction between the findings of the 
pioneering and the present experiment. A possible explana­
tion may be found in the fact that the refinements were so 
extensive as to remove many of the variables causing the 
illusion. For example: (1) When the geometric shape of the 
stimulus was changed from a rectangular to a circular shape 
this also changed the judgj^mental task from a three-dimen­
sional illusion to a two-dimensional one. Evidence for this 
fact was confirmed by the verbal reaction of S*s when asked 
how they had judged the cylinders. Most of them were judging 
by means of a "sighting technique"; that is, lining up the 
edges of the receptacle with the edges of the various cylinders 
as they were presented^» (2) The psychological sensation of the 
over-whelming size of the house in comparison to the smallness 
and emptiness of the basement form appears to be an important 
factor in this illusion. In some way the overhang of the 
roof of the house, plus the projection of windows and doors, 
the texture of materials and colour, create this impression 
of greatness in size. In substituting a smooth black circular 
cylinder this effect may have been completely destroyed.
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In considering the above factors which were omitted it 
then becomes clear that at least one of these factors should 
be restored to the design, in order to discover Mhethev this 
will in any way alter the results which were obtained in 
Experiment I. The easiest variable to add is that of the 
effect of the overhang of the roof of the house. This can 
be done by making caps to scale and placing them on the steel 
cylinders, and testing with the same type of subject under 
similar conditions. This will be done in the second part of 
this experiment. The prediction will be as follows: If the
overhang of the roof is an important factor in the illusion 
the P.S.E. will be in the direction of the next smaller 
cylinder to the one which fits exactly, in a large percentage 
of times.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C H A P T E R  V 
EXPERIMENT II
Subjects: The S’s were ten Junior N.C.O’s of the Windsor
Militia Corps, Windsor, Ontario. These young men were 
similar in age, ability, and I.Q. to the subjects tested in 
Experiment I.
Method : This was the same as in Experiment I, with two
exceptions. First, all S’s had the cylinders placed at a 
distance of 2^ inches from the receptacle. Second, machined 
wooden black caps were made and fitted to each steel cylin­
der, The caps had an eighth of an inch overhang and were 
three-quarters of an inch in height.
From the data the point of subjective equality (P.S.E.) 
was calculated for the ten S’s at a set distance and at each 
position of the receptacle.
Results: The P.S.E, was calculated for the ten S’s at each
position of the receptacle, and at one fixed distance for 
cylinder placement. A comparison of the P.S.E. of Experiment 
I and Experiment II at the same distance of 2k- inches is 
given in Table 2.
— 16—
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TABLE 2 
A Comparison of the P.S.E,
Distance Emotv Half Full Raised
Exp.I 2^« 4.079 4.104 ^.359 4.521
Exp.II 24^ 3.617 3.321 3.532 2 .494
The P.S.E. for Experiment II in comparison to Experi­
ment I indicates a definite shift in the percentage of cor­
rect judgments from the choice of the cylinder which fits 
exactly to the next smaller one. This is in line with the 
suggested hypothesis that a solid object is judged to be 
larger than the empty space of the same dimension which it 
is to cover.
Conclusion; It was concluded that the effect of the over­
hang of the roof of the house is an important factor in 
creating the illusion under study, and should be included 
as part of the experimental design for future research.
This effect may be explained with reference to the Muller- 
Lyer figure, in which two equal straight lines have shorter 
lines at either end. The line which has the shorter lines 
pointing inward always appears shorter than the one with the 
short lines pointing outward. Thus the overhang effect of 
the wooden cap on the cylinder makes the smaller cylinder 
appear to be shorter and broader than the cylinder without 
the cap.
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C H A P T E R  VI 
DISCUSSION
Relevance of Research and Important Variables
This study of a new perceptual illusion in which a 
solid object, when placed over an empty space of the same 
dimension, appears to be larger than the empty space it is 
to cover, was undertaken phénoménologieally with the des­
cription of the experience as the product of investigation.
The problem has been studied by using the psychophysical 
method of presenting a constant stimulus in order to verify 
the existence of the phenomenon. Thus, the study to date 
has revealed that the hypothesis tested is not valid for all 
solid objects when they are to be placed over an empty space 
of the same dimensions. This was confirmed by the findings 
of Experiment I. Therefore, the illusion may only apply to 
the specific relationship of a house to its basement form, 
or to objects which also have the variables causing the 
illusory effect as confirmed in Experiment II.
There are many important questions which might be asked 
in connection with this study, such as; How does a person 
perceive the two forms when making his judgments? In the 
illustration of the house and its basement form, does a person 
perceive the house as a Gestalt, and observe only the inside 
form of the basement, thereby neglecting to take into account
- 18-
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the thickness of the basement walls? How does past experience 
in dealing with relationships between certain forms affect a 
person's judgment of equality? For example, a mechanic who 
is experienced in fitting bolts into holes of the same dimen­
sion has learned to correct for the error in judging equality 
between them. Thus the results of a study will depend upon 
a person’s past experience with the forms that are used in 
the experimental design.
The question of size constancy and memory may be impor­
tant factors in this study. Size constancy was controlled 
in the pioneering experiment. The whole display was covered 
after each response by two portable screens, so that S could 
not tell which of the stimuli was changed in the different 
presentations. This was not controlled in Experiment I, 
which may account in part for the contradictory results 
between the two experiments.
The memory factor was important in the pioneering ex­
periment because S could not see both stimuli at the same 
time, and therefore in comparing one with the other he had 
to rely on memory. These are two factors -vrtiich must be 
considered in future research in this area.
Suggestions for Future Research 
A possible direction for future research is to return 
to the pioneering experiment and implement the suggested 
refinements, especially the use of H.O, scale model material
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and with a larger sample similar to that in Experiment I.
If significant results are still obtained as to the validity 
of the hypothesis tested,then a return to Experiment II is 
necessary in order to determine just what variables are 
causing the illusory effect. Some of the variables that 
should be controlled are the effect of the overhang of the 
wooden cap, colour, texture, and other variables arising 
from the discussion. Finally, it is clear that the study to 
date has produced satisfactory and encouraging results which 
should lead to farther study in this area, and if the illu­
sion is proven to existât### it could have important results 
in many fields,such as psychological testing, industry, and 
the space program.
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APPENDIX A
1. Data sheet for Experiment I :fith correct jud^ents :
recorded as given by the first group for Cylinder
placement at 24 inch distance.
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APPENDIX A
2, Data sheet for Experiment I with correct judgments
recorded as given by the first group for Cylinder
placement at 18“ distance.
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APPENDIX A
3. Data sheet for Experiment I with correct judgments
recorded as given by the first group for Cylinder
placement at 12" distance.
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APPENDIX A
4. Data sheet for Experiment I mth correct judgments i
recorded as given by the first group for Cylinder
placement at 6" distance.
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APPENDIX A
5. Data sheet for Experiment I with correct judgments
recorded as given by the first group for Cylinder
placement at 6“ distance.
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APPENDIX A
6. Summary of correct judgments for the five groups 
at each distance for Cylinder’placement, and for 
the empty and half positions of the receptacle.
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APPENDIX A
7. Summary of correct judgments for the five groups 
at each distance for Cylinder placement, and for 
the full and raised positions of the receptacle.
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28.
8. Data sheet for Experiment II with correct
recorded as given by ten S’s for Cylinder
at 24" distance*
judgments
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APPENDIX B
1. Instructions to S for Experiments I and II.
There will be four tests with a fifteen minute break 
between each of them.
Before you is a receptacle which will be in a special 
set position for each test. It will be either empty, half, 
full, or raised (demonstrating), depending upon which 
position the test indicates.
Here is a steel cylinder (showing model) which will be 
placed on the platform at a set distance for all the tests.
Your task is to look first at the cylinder, then at 
the receptacle, and report whether the cylinder will fit 
the receptacle exactly. If you think that the cylinder is 
too large, it will mean that its edge will extend out over 
the edge of the receptacle. If the cylinder is too small, 
then it will slip into the receptacle so that it will be a 
loose fit, or even "wobbley". If you are in doubt give as 
accurate a guess as you can. (These instructions were 
repeated for all four tests).
Give your immediate judgments.
This is not an I.Q. test.
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APPENDIX C 
Verbal reactions of S's.
All S's were asked how they judged the cylinders.
Most of them reported that they used a "sighting technique" 
in which they lined up the edge of the cylinder with the 
edge of the receptacle in making their judgment. This 
technique was not used in Experiment II.
All of them claimed that the raised position of the 
receptacle caused their most uncertain judgments.
Half of them remarked that the small cylinders 
looked thinner and taller than the other ones. This was 
not so in Experiment II.
All reported that they enjoyed the testing session 
because it was a refreshing break from army routine, and 
they were delighted to have a share in an experiment which 
might have important results for future space programming.
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